Abstract:
I. Introduction
Coal used as a vital source for the creation of electricity in India is of inferior class producing much more ash about 35-40%. Right now 118 MT of fly ash is produced per year by near about more than 100 power stations of India and is likely to get in touch with 440 MT per year by 2030. So there is a vital need to defeat this trouble by productive use of fly ash in various fields. The raising financial, human and environmental costs of fly ash management are directing to active support for dandier exercise of the remains of coal fly ash as soil rectification. The fabrication of fly ash in India per year is about more than 100 million tones and this is likely to increase to 175 million in the coming future [1] . By 2017 it is assumed that the annual magnitude of the coal fly ash will be projected to about 225 million tons per year that is going to escort major environmental tribulations [2, 3] . Since the independence of India 1947, a speedy enhance has been evident in the generation of electricity, largely supported by coal-based thermal generation constituting about 79% of total production. On one hand there are diverse management troubles of fly ash as well as demand of land for deposition and storage is a mammoth task, but on the other hand fly ash has proven a valuable useful material for a number of applications [4] . Thus there lies a challenge to convert the threat to opportunity. Fly ash a byproduct of combustible coal has already been accepted as a probable source, for mounting the handiness of mineral nutrients for plant development [5, 6, 7] . Addition of CCRs neutralized the soil acidity making it suitable for agricultural crops [8] . The operation of fly ash by farmers is so trifling or nothing in most places. The present exercise is intended to generate awareness on exploitation of fly ash in agriculture so to down the percentage of unutilized fly ash and hold up for the sustainable progress.
II. Materials and methods
soil/ fly ash was assessed as per method of [10] , in a soil-water/fly ash water suspension of 1:2 ratio. Organic carbon was calculated by [11] and Total nitrogen by Kjeldahl method. Estimation of total metals was done as per the method given by [12] . The soil/fly ash samples were digested in nitric acid and perchloric acid mixture on hot plate for 2 to 3 hours and the digestate was examined for metals by ICP-AES from SAIF IIT Mumbai and AAS Perkin Elmer from CIC. Experiment was carried out in pots of 6-7 kg capacity with 12 cm diameter. Five varying concentrations of soil and fly ash were maintained as 10%, 15%, 20%, 25%, 30% and a control of only soil was asserted. 15 seeds were sown and germination was observed after 7 days and 10 days. Three replications of each fly ash amended soil and control were maintained. Morphological observations were done at 10-15 days interval. Shoot length, root length by centimeter scale, number of leaves visually, wet biomass and dry biomass of roots and remaining plant were observed after harvesting by digital balance precisa (XB 22A). Leaf area was calculated by graph paper method. The observations concerning the biochemical assay in both stem and leaves were measured at different development stages like vegetative phase, pre-flowering and post flowering stages. The quantification of proteins was done as per the method of [13] . Protein estimation kit from Hi-media (HTBC005) was used. Chlorophyll a, chlorophyll b and total chlorophyll were extracted in 80% acetone and calculations were performed as per [14] equation. Carotenoids were estimated by [15] method. Total carbohydrate quantification was performed as per anthrone reagent method [16] . The visual densities of proteins, carbohydrates, chl. a, chl. b and carotenoids were taken by Perkin Elmer lambda 25 UV/Visible spectrophotometer at 660, 620, 665, 645 and 450 nm respectively.
III. Data analysis
All observations concerning biochemical response and morphological parameters of the experiment were repeated thrice and the data taken was analyzed through ANOVA at 95% confidence interval through Graph pad Prism version 7.
IV. Results
The physical and chemical properties of the soil/fly ash are shown in Table 1 (a) and 1(b) respectively.fly ash was found to be alkaline in nature (pH 7.2) likening soil that was slight acidic (pH 6.5). The nutrient elements like nitrogen (0.56%) in fly ash were almost near to that of soil (0.61%). Mg in fly ash was more comparing soil but phosphorous was to lesser than that of soil.
Effect on seed germination:
Germination is a principal plant growth process that capers a major part in determining subsequent yield and growth. The essence of respective doses of fly ash incorporation soil on germination is depicted in Table 2 . Germination was recorded after 7 days and 10 days. The germination in control pot and 10% fly ash meliorated pot shows 100 % germination rate after 7 days but as the fly ash step up in concentration , the germination shows a gradual slump that was 93.33% in 15 to 20% fly ash concentration and 85.71% in 25 and 30% concentrations. After the observation of 10 days 15% and 20% fly ash doses too shows 100 % germination but 20% and 30% doses witness a gradual decay in germination that indicates that fly ash delays the germination if used in more concentration.
Effect on Morphology:
The parameters in concern with morphology are interpreted in Table 3 (a) and 3(b).Regarding the height of plant, it was less in control but promoted with the increase in fly ash concentration reaches utmost in 20% and then again shows a decrement in 25% to 30% fly ash but was still more than control. Fresh and dry biomass of both roots and remaining plant shows a substantial increase in 20% of the fly ash dose. Root length was raised from control to 30%, maximum in 25% but root girth was more in 15 to 20% by visual observations. The leaf number also enhanced from control to 30% but maximum in 20% fly ash concentration. Leaf size depicts significant rise from 18.233±2.750cm 2 in control up to 57.333±7.522 cm 2 20% dose. The final yield of seeds was also more in 20% fly ash concentration. The variation in morphology and yield in plants grown in different fly ash concentration is shown by photo plate (Fig 4a,b,c,d ,e).
Effect on photosynthetic pigment:
The impact of different concentrations of fly ash on leaf photosynthetic pigments chl a, clh b and total chl in vegetative phase confirms constant increase from control to 20 % 0f the fly ash concentration but declined as the fly ash concentration increased above 20%. In pre flowering stage the alike observations were ascertained but in post flowering phase all three photosynthetic pigments depicts a gradual decrease but the concentration was still more in 10%,15%,20% than control. The carotenoids were also recorded more in all other concentrations than control in all the three phases with maximum in 20% fly ash dose. 
Effect on biomolecules:
The observations of carbohydrate concentration in both stem, leaf are shown by graph Fig. 2(a) and Fig. 2(b) respectively. The carbohydrate concentration both in stem and leaves is maximum at 20% in all vegetative, pre flowering and post flowering phase. The post flowering phase shows a gradual decrease in all concentrations than pre flowering phase, but not less than vegetative phase. Similar observations were found in protein concentration depicted its maximum range in 20% fly ash concentration in both leaves and stem in all three phases. Shown by graphical representation Fig. 3(a) and 3(b) respectively.
Accumulation of elements:
Amongst all micro and macro nutrients the uptake and concentration, increases considerably in fly ash amended soils in both stems as well as in leaves as compared to control. All the elements N, K, Mg, Cu, Fe, M, Cr, Co and Zn show a significant increase in ash ameliorated soils other than control in stem samples. The growth of plants was significant up to 20% of fly ash ameliorated soil. However it shows a gradual decline in above fly ash grades of beyond 20%, may be because of the increasing concentration of elements in soil medium. the data is interpreted through Table 4 .
V. Discussion
The exploitation of fly ash in agriculture is because of its mineral content [17, 18] . The result of the physicochemical analysis of fly ash indicated that fly ash has an alkaline pH, which may be by the occurrence of oxides of Ca and Mg with acid neutralizing properties. The application of fly ash leads to enhance the growth and yield of crop plants in crops like alfalfa, barley, Bermuda grass and white clover [19.20,21,22] .The germination percentage of seeds showed gradual and constant decrease as the fly ash application was enhanced in soil. The studies of [23] also reported that the germination percentage decreases as the concentration of fly ash application is more. The results showed a significant increase in both growth parameters like height of plant, dry and fresh weight of roots and shoot, leaf number and leaf size as well as physiological observations from control up to 30 % of the fly ash concentration. Similar findings were carried out by [24] in leguminous crops which depicted substantial increase in growth and physiological parameters from control up to 50% of fly ash. The study reveals that the percentage of germination and the growth parameters were found to be increased at 20% fly ash and beyond that it gradually decreases. Hence 20% fly ash concentration can be used for the growth of plants. The beneficial effect of fly-ash at lower level (10-30%) has already been observed [25] on vigna mungo. There have also been some workers whose results showed that fly ash exploited at the rate of 20% proved beneficial for many crops like soybean, cabbage, chick pea, cucumber, lentil, maize, potato, wheat, tomato etc [26.27.28,29,30] . The biochemical analysis of experimental plant also showed a significant increase in photosynthetic pigments chl a, chl b total chl and carotenoids in 20% fly ash concentration comparing control. The work of [31] depicted positive influence of 10 % of fly ash on photosynthetic pigments of two plants Andrographis paniculata, Coleus forskohlii. one of the report that fly ash used in his investigation clearly indicates the presence of huge amount of K and was proven beneficial for palak, mung bean and chili plants up to 25% [32] . Protein content and nitrate reductase activity was also reported to increase under low 25% fly ash application as compared to control [33] . It is evident from the observations that the content of nitrogen in soil is a little more than in fly ash as 0.61% and 0.56%, respectively, a similar study was done by [34] which correlate the present study. Nutrient uptake by the plants increased up to 20 % fly ash amended soil and there by yielding better results for increasing Biomass and physiological qualities of plant moreover [35] also reported that nutrients show an increase in up take up to 20% fly ash. Thus fly ash can be used as an eco friendly non conventional fertilizer 20% for Soyabean, because it will improve growth, yield and biochemical factors of the plant and side by side the disposal problem of huge amount of fly ash will be solved.
VI. Conclusion
Based on the above interpretation and reports, it can be concluded that there is a vast scope of fly ash exploitation in agriculture without any deleterious effect. But the physical and chemical properties of fly ash vary according to coal mine areas. Therefore the approach to exploit it in agriculture is different and very much dependent on the characteristics of soil or soil type. The present study also proposes careful probe of the accretion of heavy metals (present in fly ash) in soil and in edible portion of crops. Table 1 (b). Chemical characteristics of soil and fly ash in mg/kg except OC & n in % (nd)= less than=0.01mg/l, (---) = not estimated 
Table1(A). Physical Characteristics Of Soil

